
the fundamental principles and proceeded by experi-
ment and deduction to build up a rounded science of
acoustics. He filled out the many gaps in the observa-
tion of phenomena until the bulk of the observations
were really his own, and then linking these with all
otherwise discovered, he made them the coherent parts
of general laws. So complete was his study that he
could not only explain the known facts and point out
the lines of new discovery, but could also define the
probable limitations to practical advance in the depen-
dent arts.
Physiologist, as well as physicist, he did not stop at

the external phenomena, but worked out the transmis-
sion of sound through the aural apparatus to the end
organ in the labyrinth, himself supplementing the ana-
tomical details of the most advanced investigations;
and while his conclusions have been combated, and
alternative views have been plausibly presented, the
Helmholtz theory still receives predominant accept-
ance. Nothing more strongly demonstrates the skill
of Helmholtz, the teacher, than the matter-of-course
acceptance as fundamental of most of his discoveries
and the fact that his classical treatises have remained
the text-books of the world. Yet the lucidity of the
language has made translation almost wholly needless
and his desire to simplify the mathematical elements of
the problems, has put them in form which tempts many
a reluctant student to deeper study than any other con-
tributor to the subject has been able to inspire. Keenly
alive to the artistic side of music, he has cleared much
with regard to its composition and the musicians in
their narrower field of esthetic production are largely
indebted to him for his explications, and the physiology
of such impressions has been developed to what seems
nearly its full limit.
It is only indirectly, then, that we, as practicingotologists, owe to von Helmholtz our present means ofdiagnosis upon which, of course, must hang treatment

as well as comprehension. Having defined the end
organ of hearing and so differentiated the percipientfrom the conducting apparatus, he banished the term
"nerve deafness" from the position of a broad categorycloaking much ignorance and restricted it to a properly
narrow group of our cases. He made the tuning-forksand other tone-producing apparatus the practical instru-ments in medical hands which they now are. He made
clear the function and mechanism of the drumhead and
ossicles in a way that forbids any undue regard for them
as essential to useful hearing or an equally unscientificindifference which would needlessly remove them as
unimportant. Many aurists do not recognize their debt
to von Helmholtz and shortsightedly preach or prac-tice in contravention of the principles which he has
discovered or formulated; but the inevitable result is a
fall in ruin of any structures they may have fondlyreared and their own heads have often suffered in the
collapse. His treatises will never make light readingfor beginners, but the ophthalmologist and otologistwho hopes to take and hold rank among his colleagues
must always count as essential to his education a close
study of the writings of Herman von Helmholtz.
Anal Fissure Simulating Coxalgia in Children.—The

subjective symptoms in the case of three children observed by
Svehla seemed to indicate hip-joint disease, but the discovery
of a fissure in the anus revealed the true character. After the
cure of the fissure the pains in walking, the limping and the
deformed attitude, all vanished.—Vratch, December 29, 1901.

CONTRIBUTIONS OF HELMHOLTZ TO
PHYSICAL SCIENCE,

ESPECIALLY WITH REFERENCE TO PHYSIOLOGICAL OPTICS,
INCLUDING THE DYNAMICS OF EYEBALL MOVE-

MENTS AND OF ACCOMMODATION.
ARTHUR W. GOODSPEED, Ph.D.

PROFESSOR OF PHYSICS IN THE UNIVERSITY OF PENNSYLVANIA.
PHILADELPHIA.

Helmholtz's attention was directed to the subjectsto be discussed in this paper while very young. Even
while attending the gymnasium and reading Cicero andVirgil, for which he had little taste, Helmholtz was
pondering on various problems in optics not met within text-books, and which served as a basis some yearslater for the construction of the ophthalmoscope. The
mathematics of physical problems always came easy tohim, not that he seems to have had any special love for
pure mathematics for its own sake, but only as a means
of solving the questions which interested him. His
mathematical ability was of a very high order, and thisfact seems all the more remarkable when it is noted
that he never had any systematic training in this branchof science, as have most other eminent mathematical
physicists. His knowledge in the more advanced de-
partments of mathematics was acquired entirely throughhis own unaided efforts. Although circumstances of his
early life made it best that he be educated for the medi-
cal profession, his taste was always on the side of purescience. Evidence of this is given by his own words,
found in a lecture on "Thought in Medicine," deliveredin 1877 : "My own original inclination was towards
physics ; external circumstances obliged me to commencethe study of medicine."1

.Helmholtz Appreciated, however, the great advan-
tage to be gained by a thorough course of medical study,and in after years never regretted the time he had been
obliged to spend on this and allied subjects.
Without detracting at all from the fame of Helm-

holtz, it must be noted that the state of physical sciencein Germany at the time he began his career was justright for a boom. Physiology was not admitted to be
based on physics and chemistry, and, therefore, experi-ment and observation were not resorted to, to any extent,for the solutions of physiological problems. This was
the case doubtless because it was profoundly believed thai
a mysterious vital force was responsible for most physio-logical changes.
France, and especially Paris, on the other hand, dur-

ing this dormant period in Germany, had been leadingin investigation, especially along physical and chemical
lines. This condition soon had a decided influence uponGermany through the association of young men edu-
cated in Paris and holding positions subsequently in
their home universities. From this beginning, then, theobjective science school became prominent as opposedto the metaphysical school. To the former belonged
Briike, Du Bois Reymond and Helmholtz, who founded
with others the Physical Society of Berlin. Of this
group, according to Wiedemann, Helmholtz was the
most distinguished, and certainly his superb work in
later life in nearly all of the departments of science
represented by the founders of the Physical Societyquite justify Wiedemann's first impressions of him.Helmholtz's aptness for both mathematioe and physicsled him to look upon physiology as attractive in furnish-
ing an abundance of problems suitable for investigation
along the physical and mathematical lines, rather than

1. Popular Lectures, 1881, p. 202.
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on its own account. The physics of the eye, as well as
of the ear, present notable examples of this sort, and
both these organs were critically investigated by Helm-
holtz and a vast amount of most valuable and accurate
information obtained. Also Helmholtz's investigations
on the phenomena of animal heat led him gradually to
lay the foundation for the great conservation principle
as applied to energy as a whole.
His remarkable paper, "Ueber die Erhaltung der

Kraft" was written when he was only 25 years old. Fif-
teen years later, in 1862, he had to force the idea embod-
ied in his original essay upon the scientific world against
much opposition, even Poggendorff refusing to publish
his paper in the Annalen. The work was, however, pub-
lished otherwise and its value very soon recognized. Of
course the fundamental idea dates back perhaps to New-
Ion, but it was never generally recognized or half under-
stood.

PHYSICAL AND PHYSIOLOGICAL OPTICS.

One of the most important as well as practical de-
partments of Helmholtz's researches was that of physi-
cal and physiological optics, and we shall now examine
a few of the various problems therein involved, most of
which he studied to conclusions the truth of which have
never been questioned.
It is the general impression among people that the

human eye, when considered in its normal type, must be
about as perfect an optical instrument as can be imag-
ined. Helmholtz was among those to point out. however,
what is now well understood, viz., that the eye is so far
from perfect that he remarked in his "Physiological
Optics": "Should an optician send me an instrument
having like optical defects, I should feel justified in
sending it back." He further remarks, however, that
"the defects which may be traced in the eye, considered
as an optical instrument, do not detract from the ex-
cellence of the eye considered as the organ of vision."
Physical perfection is quite a different thing from prac-
tical perfection considered from the point of view of a

physiologist. The latter had persisted in failing to rec-
ognize the physical defects, though we find "that New-
ton pointed out the chromatic aberration of the eye two
centuries ago; that D'Alembert, in 1767, proved that the
lenses of the eye might have as great a dispersive power
as glass without the want of achromatism necessarily
becoming noticeable; that the celebrated optician Dol-
land, the inventor of the achromatic lens, showed that
the refractions which take place in the eye all tend to
bring the violet rays towards the axis more than the red ;
that Maskelyne the astronomer, Wollaston the physi-
cist, Frauenhofer the optician, and other scarcely less
distinguished men of science have made actual measure-
ments of the distances of the foci in the human eye
for the different rays of the spectrum. The persistence
with which writer after writer has asserted the achroma-
tism of the human eye appears so extraordinary that it
can only be accounted for by the prevalence of the pre-
conceived notion that the eye is absolutely perfect—anotion not without its reason and grounds in the fact
of the exquisite adaptation of the organ of sight to the
needs of humanity."2
Although a method of examining the retina had long

been desired and almost had been found before Helm-
holtz, it remained for him to devise finally the instru-
ment in its completeness, viz., the ophthalmoscope.
Although many of these instruments have been made
since, none of them present essentially any new methods

2. Discoveries and Inventions of the Nineteenth Century, p. 343.

for illuminating and examining the retina. It was in
1851 that Helmholtz first described the ophthalmoscope,
and during the last fifty years this little instrument
has been probably the chief means of extending the
knowledge of oculists regarding the diseased and healthy
conditions of the eye. In this way the substance of the
lens and the state of the fluids can be directly exam-

ined, the causes of impaired vision can be discovered,
and the nature of many maladies made out with reason-
able certainty. Many insidious troubles can thus be
detected and very likely successfully treated and cured
before the organ has become permanently diseased. In
some cases even, as is well known at the present time,
the ophthalmoscope gives the most certain evidences
of the existence of obscure and often unsuspected dis-
eases of other parts of the body. In 1858, at a meet-
ing of the Congress of Ophthalmologists at Heidel-
berg, Helmholtz was presented by von Graefe with a

cup inscribed, "To the creator of a new science, to the
benefactor of mankind, in thankful remembrance of
the invention of the ophthalmoscope." Some years
later the von Graefe medal was instituted with which to
honor, once in ten years, the man, without regard to
nation, who should have done most for the science of
ophthalmology. The first medal of this foundation was

presented to Helmholtz in August, 1886. at the occa-
sion of the celebration of the 500th anniversary of the
founding of the University of Heidelberg.
The details of the ophthalmoscope differ somewhat

with different makes, but the general principles are
familiar to all medical men and to most physicists. The
instrument consists essentially of a converging or con-
cave mirror for concentrating the light of a lamp, con-
veniently placed for the purpose, through the pupil to
illuminate the retina or other parts of the eye to be
examined. The eye of the observer is behind a small
hole in the center of the mirror. In front of this open-
ing and therefore between it and the part under exam-
ination is a magnifying lens or combination. The whole
arrangement is very simple, efficient and easy of manipu-
lation.
Another instrument invented by Helmholtz, by means

of which the optical constants of the eye can be meas-

ured accurately, is the ophthalmometer. Such a piece
of apparatus must necessarily be more complicated than
a simple observing device and requires far more skill to
operate it for accurate results. It is fully described
and the method of using it discussed in Chapman's
"Human Physiology." In the hands of this author a

few years ago the average radius of curvature of the
normal cornea in fifty cases measured was found to be
7.797 millimeters in the vertical plane and 7.552 milli-
meters in the horizontal plane.3
Helmholtz made use of the ophthalmometer also in

the solution of the problem of accommodation of focus
for different distances. An ordinary optical lens, as.

for example, a camera combination, has a definite focal
length, i. e., a fixed distance at which a beam of parallel
rays incident on one side will be brought together on

the other side. SuDoose a camera adjusted with its
ground glass showing sharply defined the image of a

very distant object. Direct the camera to an object near
at hand and the image will be out of focus. Theoreti-
cally sharp definition may be restored in two ways—
either by moving back from the lens the ground glass a

small distance, or by changing the curvature of the
lens surfaces. The latter, of course, is impracticable,

3. Proceedings Academy Nat. Sciences. 1893. p. 349.
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and the readjustment of distance from plate to lens is
easily accomplished. Now, the eye is a small camera
and we easily and rapidly adjust for the distinct vision
of both near and far off objects. But how is this done
in the ease of the eye? Do we change the position of
the retina relative to that of the lens and cornea, or do
we change the shape of the lens? This problem Helm-
holtz attacked and studied very satisfactorily by means
of the ophthalmometer. He was ignorant at the time
that it had been shown already by Cramer that in
changing the eye adjustment suitable for far objects to
one suitable for near ones the convexity of the lens in-
creases. The three images observed by light reflected
from the eye, one formed by the anterior surface of the
cornea and one each by the two lens surfaces had been
progressively discovered some years before, but nobody
before Cramer had noticed that in changing the eye
adjustment as above, the middle image moved nearer
the outer one and at the same time became smaller. As
this image is a virtual one formed by the anterior sur-
face of the lens, both changes indicate an increase in
curvature of this surface.
To perform this experiment more conveniently than

can be done in a dark room Helmholtz invented an
instrument he called a phakoscope. It is simply a shal-
low triangular black box truncated at the corners, with
openings through the corner faces and in one long side.
The eye to be examined is placed at the corner opposite
the side opening and looking through or at the same. At
one of the other corners is the observer's eye and at the
third is the light. The method is obvious.
The ophthalmometer was now used to measure the

sizes accurately of the three images under various sets
of conditions. The essential parts of the instrument
consist of a pair of piano-parallel glass plates about
2 centimeters square and 6 or 8 millimeters thick, whose
refractive index has been measured with the greatest ac-
curacy and also their thickness; a short focus telescopeand a rod or frame for holding the luminous object,
images of which are to be formed by the eye surfaces
under examination. The plates are mounted one above
the other initially co-planar and independently capableof rotation about the same vertical axis. This combina-
tion can he rotated at will, the plates in the same or

opposite directions and the angle determined with greatprecision on a suitably graduated circle. It is placed
on the optical axis of the telescope, the eye to be ob-
served being located on the same axis looking into the
telescope and beyond the plates. The source of lightis near the observer's eye and images of it can be seen
through the telescope formed by the surfaces of the eyeto be examined. It is a well-known fact that if an
object be viewed obliquely through a piano-parallel plateit will seem laterally displaced in amount depending on
the angle and on the thickness of the plate, as well as
upon its index of refraction. This is the principle of
the ophthalmometer. If the two plates be rotated, in
opposite directions the image will divide, half movingto the right and half to the left. If the rotation be
continued until the displacement is equal to the width
of the image, this value can be calculated from a simpleformula involving the rotation angle which is observed
and the constants of the instrument previously deter-
mined. By this arrangement Helmholtz proved that the
shape of the cornea does not change, but that the an-
terior surface of the crystalline lens changes its radius
from 10 millimeters to 6 millimeters in viewing a near
object after looking at a remote one ; that the radius of
the posterior surface changes from 6 to 5.5 millimeters

only. Also that the minimum distance from the cor-
nea to the anterior lens surface is 3.3 millimeters, while
the maximum distance is 3.7 millimeters; that the
minimum thickness of the lens is 3.8 millimeters; maxi-
mum thickness 4.3 millimeters. These values, when
considered together with the indices of refraction of the
several media concerned, easily account for the changes
of focal length required for accommodation. Helmholtz
made this investigation quite complete by offering an
explanation of the mechanism of accommodation which
is now universally accepted as the true one. The matter
had been studied before by Thomas Young, C. Weber,
Cramer, Donders, Brücke, and others, so that the an-
atomy was well understood. In the words of McKen-
drick,4 Helmholtz's conclusion was, "that in accommo-
dation the fibers of the ciliary muscle contract and tend
to draw the ciliary processes of the choroid forward.
Passing in close proximity to these processes, and con-
nected with them, is a thin transparent membrane, the
hyaloid membrane, which lines the posterior chamberof the eye. Anteriorly this membrane divides into two
layers, one passing before and the other behind the lens,
forming what is termed its capsule. The lens is thus
bound down, as it were, by its capsule, more especially
by the portion of it passing over its anterior surface.
When therefore the ciliary processes are pulled forward by
the ciliary muscle, the tension of the layer of the cap-
sule in front of the lens is diminished, and the anterior
surface of the lens bulges forward by its elasticity.
There are certain muscular fibers of the ciliary muscle
that also assist in this beautiful mechanism. When the
eye is again directed to a distant object, the fibers of
the ciliary muscle relax, and the lens is flattened by the
pressure of the capsule." Helmholtz further proved
that the conditions above explained are not only the
necessary ones, but that they are also sufficient for the
accomplishment of accommodation.
This investigation, with its results, is deemed by Mc-

Kendrick "one of the greatest triumphs of modern
physiology."

COLOR SENSATIONS.

During the period of 1852 to 1856 Helmholtz devoted
much time to color, more especially to the subjective
side of it, viz., color sensation. Assuming the wave
theory of light, as some years before demonstrated by
the great work of both Thomas Young and of Fresnel,
Helmholtz directed his attention to the mechanism of
color sensation. Young had concluded that there are
three simple color sensations, viz., red, green and violet,
since each of these color sensations can be produced only
by objective waves of a limited range of length which
can be definitely measured physically, and since all the
other colors may be matched by a judicious mixing of
these three. The quality of the resultant hue depends
on the proportional intensity of each component in the
mixture and the total brightness is the sum of the com-
ponent intensities. Brewster developed the red, yellow
and blue primary color theory, which led to much con-
troversy and has failed to meet the requirements. Many
of Brewster's experiments were made with pigments
instead of with colored light. Helmholtz stepped in
at this stage and invented a simple method of superpos-
ing any part of one spectrum on any part of another,
thus to study the result of the numerous combinations
possible. By varying the relative intensities of the two
spectra he could at will change the relative brightness
of the colors to be mixed.

4. Hermann von Helmholtz, by Dr. T. G. McKendrick, p. 102.
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This method is more exact than Maxwell's, in which
the eye is made to receive consecutively various color
stimuli, and which relies on the persistence of visionfor the resulting sensation. By Helmholtz's method
the retina receives at the same time, in the same place,
the two or more stimuli applied. By mixing the spectral
colored lights in pairs he was able to reproduce all the
spectrum colors except red, green and violet, and also
to produce many shades besides, the names of which at
the present time largely depend on convention. He
further concluded that a definite color sensation required
for its complete definition the determination of three
values, those of hue, of saturation and of luminosity.The first depends on the objective wave length of the
color present; the second on the ratio of the quantityof the pure color to the quantity of white present; the
third affects the intensity of the sensation and is partly

dependent on the actual amount of radiant energy inci-
dent on the retina. Near the end of his life Helmholtz
held that this third characteristic, viz., luminosity, really
plays a more important part in the theory of color per-
ception than was formerly supposed. By exceedingly
careful analysis of white light, assisted by Arthur
König, he specified definitely three fundamental color
sensations, a nearly pure carmine red. green, and ultra-
marine blue. This in the main, it will be remembered,
was the classification advanced by Thomas Young in
1802, whose basic assumption was, though not so clearly
stated as by Helmholtz, that the optic nerve terminates
on the retina in three distinct sorts of organs which,
when stimulated, give rise to the sensations of red, green
and blue respectively. According to this theory, the
particular set to be stimulated depends on the wave

length of the incident light. Helmholtz accepted this
theory in general as correct and by his careful studies

extended it to account for various phenomena not
studied by Young. This general theory, known as the
Young-Helmholtz theory of color • sensation, accounts
for most of the facts in a very satisfactory manner. It
serves remarkably well in accounting for color blind-
ness of various kinds; also for contrast effects; subjec-
tive color (due to retinal fatigue), etc.
Many physiologists and modern psychologists, espe-

cially the latter, do not accept this theory, as the correct
one, but are inclined to the Hering5 theory, which sup-
poses actual change in a visual substance, some of the
processes being of a "constructive-assimilating kind"
and others of a "destructive assimilating kind," but
the scope of this paper does not permit a discussion of
the relative merits of these two theories. Although
there are some cases from the point of view of a psy-
chologist not explicable on the Young-Helmholtz

hypothesis, it certainly appeals very strongly to physi-
cists and was firmly adhered to by Helmholtz and his
associates to the time of his death, only seven years ago.

OCULAR MOVEMENTS.

Another special study taken up by Helmholtz appro-
priate for consideration in this paper was that of the
mechanics of the eye movements. It does not seem at
first as if this subject should require a very great amount
of study for the solution of the problems presented ; but
in the language of McKendrick in his life of Helm-
holtz, "only those, however, who have read the chapters
on the subject in his 'Physiological Optics' can form a

conception of the amount of work expended upon it. The
bibliography alone is a model of literary research."
Helmholtz's work in this department of optics was
done from 1862 to 1867, although he wrote two or three

5. Wien. Sitzbericht, lxvi, lviii, lxix, lxx, 1872.
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more papers ten or fifteen years later. In 1862 appeared
a preliminary paper which investigated the surface,
images of any point of which would fall on homologous
points on the two retinas, thus giving rise to the sensa-
tion of a single image. Such a surface had been called
the horopter by Aguilonius in 1613, and it was shown
by Helmholtz that when viewing the horizon the horop-
ter is a horizontal plane passing through the feet. In
general the case is not so simple.
In 1863 he published two mathematical articles on

eye movements illustrated by clever experiments. In
1865 appeared three contributions on phases of the same
subject. In 1864 he gave before the Royal Society a
famous paper "On the Normal Motions of the Human
Eye in Relation to Binocular Vision." Also two papers
on the horopter were published in the same year.
At the International Ophthalmological Congress at

Paris in 1867 Helmholtz read a paper on "Stereoscopic
Vision." The anatomy of the subject would be out of
place here, but the voluntary and involuntary muscle

actions were carefully differentiated by Helmholtz, and
he demonstrated by the higher mathematics the truth
of the so-called "Listing's Law," which provides for all
the degrees of freedom of rotary motion for the eyeball
except a pure rotation about an antero-posterior axis
through the optic center of the lens, i. e., about the optic
axis. Within a few years a paper on this subiect by Carl
Weiland6 throws some doubt on the generally accepted
views of eyeball movements as developed by Listing and
Helmholtz.
While studying the general case of the horopter

Helmholtz invented the telestereoscope which, in the
hands of a well-known German firm, has taken the size
of an ordinary binocular opera glass and shows distant
objects in relief as if the two eyes subtended the same
angle that they would subtend if moved much nearer.
Helmholtz concluded from his final researches on

binocular vision that the homologous positions on the
two retinas of the images of an object do not entirely
explain the mental interpretation of these as belonging

6. Archives of Ophthalmology, vol. xxvii, 1898.

to a single object; and further, that the problem can
not be solved from a purely anatomical study.

APPENDIX\p=m-\DESCRIPTIVELIST OF THE
OPHTHALMOSCOPES

IN THE HISTORICAL EXHIBIT, ST. PAUL MEETING OF THE AMERI-
CAN MEDICAL ASSOCIATION. PREPARED BY DR. HARRY

FRIEDENWALD, BALTIMORE.
Older Ophthalmoscopes.

Helmholtz. 1851.
1. Original form, described in Helmholtz's monograph "Be-

schreibung eines Augenspiegels, etc., Berlin, 1851." Formerly in
the possession of Albrecht von Graefe. See Plate I, No. 1. Loaned
by Dr. Harry Friedenwald, Baltimore, Md.

2. Similar. Angle of glass plates 25\s=deg\.Formerly belonged to
Dr. Julian J. Chisholm. Loaned by Drs. Herbert Harlan and F. M.
Chisolm, Baltimore, Md. See Plate I, Fig. 12.

3. Similar to 1. Angle of glass plates 30\s=deg\.Presented in 1853
by Dr. Eduard Jaeger, of Vienna, to Dr. John Brinton, and in
1870 by the latter to Dr. Wm. Thomson, of Philadelphia. See
Plate I, Fig. 49. Loaned by Dr. Thomson, through Messrs. Bon-
schur & Holmes, Philadelphia.

4. Modification. The lenses are inserted in a slit at the side.
See Plate I, Fig. 41. Sent to Dr. John H. Dix, of Boston, by Prof.
Sichel, of Paris. Loaned through kindness of Dr. B. Joy Jeffries,
Boston.

5. Similar to 4. Made in Halle, Germany. Loaned by Dr. H.
B. Young, Burlington, Ohio.

Ruete. 1852.
First concave mirror. First practical instrument for indirect

method. Described in "Der Augenspiegel und das Optometer.
Göttingen, 1852." See Plate II. Loaned by Dr. Haskett Derby,
Boston.

Coccius.
"See Anwendung des Augenspiegels. Leipzig, 1853."1. Plane mirror with condensing lens attached. Plate with cir-

cular perforation to reduce size of mirror. See plate III, Fig. 71.Loaned by Dr. Lucian Howe, Buffalo.
2. Modification : Circular mirror. Plane, metallic mirror, with

convex lens attached, distance between mirror and lens adjustable.See Plate III, Fig. 26. Makers : Messrs. Tiemann & Co., New
York. Loaned by them.

3. This instrument has a fixed distance between the ophthal-
moscope and the lens ; in the original instrument this distance is
variable. See Plate III, Fig. 25. Loaned by Messrs. Tiemann &
Co., New York.

4. With slide containing six lenses behind mirror. Loaned by
Wills Eye Hospital, through Dr. Conrad Berens, of Philadelphia.

Zehender. 1854.
1. Original form (described in Graefe's Archiv, I, 1, 121). Con-

vex, metallic mirror. See Plate III, Fig. 47. Loaned by Dr. F.
Koeller, of Pittsburg.

2. Slightly modified. Makers : Messrs. Otto and Reinders, NewYork. See Plate III, Fig. 29. Loaned by Dr. Haskett Derby, ofBoston.
Bunitow. 1856.

1. (See Graefe's Archiv III, 2, 68.) Heterocentric Reflector:
Made of biconvex lens silvered on back, in pillbox case. Loaned
by Dr. B. Joy Jeffries, of Boston.
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